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Autoreferat dizertacnej prace

V tejto praci studujeme koneéné automaty, regularne jazyky a operacnu zloZitost regularnych
operdcii na réznych vypoctovych modeloch koneénych automatov. Venujeme sa postupne
trom témam.

Najskor ukdZzeme zavislost stavovej zloZitosti operacie Stvorec na pocte koncovych stavov v
deterministickom kone¢nom automate pre dany jazyk. Tento vysledok vyuZijeme na popisanie
binarneho jazyka tazkého pre operaciu Stvorec na alternujucich automatoch, ktory dosahuje
uz znamy horny odhad z literatury. Jedna sa o uZ publikované vysledky z prvého priloZzeného
¢lanku. Tieto vysledky, dosvedcujucich jazyky, vyuZijeme na dokaz tesnosti horného odhadu
pre zretazenie na alternujicich automatoch, ¢o poskytne alternativne riesenie otvoreného
problému, ktory formulovali Fellah, Jirgensen, Yu [1990, Constructions for alternating finite
automata, Internat. J. Comput. Math. 35, 117-132].

V dalsej kapitole priblizime vysledky z druhého prilozeného ¢lanku. Venujeme sa stavovej
zlozitosti niektorych dalSich regularnych operacii na jazykoch reprezentovanych Booleovskymi
a alternujucimi koneénymi automatmi. Dostdvame tesné horné odhady pre doplnok,
zjednotenie, prienik, rozdiel, symetricky rozdiel, star, zrkadlovy obraz, lavy a pravy kvocient.
Pri dékazoch tesnosti pouzivame ¢o najmensiu abecedu — bindrnu a unarnu. Pri binarnej
ukazeme aj jej optimalitu.

Poslednou témou, ktorej sa venujeme je ,NFA-to-DFA trade-off”, Co je zloZitost regularnych
operdcii za predpokladu, Ze vstupné jazyky su dané ako nedeterministické koneéné automaty,
kym vysledok je popisany ako deterministicky kone¢ny automat. Takyto ukazovatel zloZitosti
jednotlivych operacii sa da vyuZit ako odhad pre kombinované (zloZzené) operacie, ale aj iné
modely automatov, ako su self-verifying automaty a unambiguous automaty. Preskimali sme
tesné horné odhady pre operacie: star, doplnok, zretazenie, zrkadlovy obraz, favy kvocient
a pravy kvocient, zjednotenie, symetricky rozdiel, prienik, rozdiel a zretazenie. Tesnost tychto
odhadov popiSeme na ¢o najmensej moznej abecede, o je bindrna, ktora je optimadlna. Pre
bindrne Booleovské operace azretazenie vsak pouZijeme ternarnu abecedu, kedZe
v binarnom pripade dostavame len asyptoticky tesny horny odhad.



Suhrn v anglickom jazyku

In this work we study finite automata, regular languages and the operational complexity of
regular operations on various computational models of finite automata. We deal with three
topics.

We first show the dependence of the state complexity of a square operation on the number
of final states in a deterministic finite automaton for a given language. We apply this result to
description of a binary language difficult for square operation on alternating automata,
which reaches the already known upper bound from the literature. These are already
published results from the first attached article. We then use the witness languages from the
article to prove the tightness of the upper bound for the concatenation on alternating
automata, which provides an alternative solution to the open problem formulated by Fellah,
Jurgensen, Yu [1990, Constructions for alternating finite automata, Internat. J. Comput. Math.
35,117-132].

In the next chapter we will present the results from the second attached article. We deal with
the state complexity of some other regular operations on languages represented by Boolean
and alternating finite automata. We get tight upper bounds for complementation, union,
intersection, difference, symmetric difference, star, reversal, left and right quotient. We use
the smallest possible alphabets for proofs of tightness - binary and unary. In the case of binary,
we will also show its optimality.

The last topic we deal with is the "NFA-to-DFA trade-off", which is the complexity of regular
operations, assuming that input languages are given as nondeterministic finite automata,
while the result is described as a deterministic finite automaton. Such an indicator of the
complexity of individual operations can be used as an estimate for combined operations, but
also other models of automata, such as self-verifying automata and unambiguous automata.
We examined tight upper bounds for operations: star, complementation, concatenation,
reversal, left quotient and right quotient, union, symmetric difference, intersection,
difference, and concatenation. We describe the tightness of these upper bounds on the
smallest possible alphabets, which is a binary, and it is optimal. However, for binary Boolean
operations and concatenation, we use the ternary alphabet, since in the binary case we get
only an asymptotically tight upper bound.



Zoznam prilozenych ¢lankov

Square on deterministic, alternating, and Boolean finite automata

Galina Jiraskova, Ivana Krajnakova

International Journal of Foundations of Computer Science, vol. 30(6-7), pp. 1117--1134
(2019)

ISSN: 0129-0541, DOI: 10.1142/S0129054119400318

Operations on Boolean and alternating finite automata

Michal Hospodar, Galina Jirdskova, lvana Krajridkova

In Fedor V. Fomin, Vladimir V. Podolskii (eds.): Computer Science -- Theory and Applications --
13th International Computer Science Symposium in Russia, CSR 2018, Moscow, Russia, June
6--10, 2018, Proceedings.

Lecture Notes in Computer Science, vol. 10846, pp. 181--193, Springer (2018)

ISSN: 0302-9743, ISBN: 978-3-319-90529-7, DOI: 10.1007/978-3-319-90530-3\_16



Zoznam publikovanych prac a ohlasov

Square on deterministic, alternating, and Boolean finite automata

Galina Jiraskova, Ivana Krajnakova

International Journal of Foundations of Computer Science 30(6-7), pp. 1117-1134 (2019)
ISSN: 0129-0541, DOI: 10.1142/50129054119400318

On the square of regular languages

Kristina Cevorova, Galina Jiraskova, Ivana Krajiidkova

In: Markus Holzer, Martin Kutrib (eds.):

Implementation and Application of Automata - 19th International Conference, CIAA 2014,
Giessen, Germany, July 30 - August 2, 2014. Proceedings.

Lecture Notes in Computer Science, vol. 8587, pp. 136-147, Springer (2014)

ISBN: 978-3-319-08845-7, DOI: 10.1007/978-3-319-08846-4\_10

Citacie:

e Markus Holzer, Michal Hospodar:
The Range of State Complexities of Languages Resulting from the Cut Operation.
LATA 2019: 190-202

e |vana Krajndkova, Galina Jiraskova:
Square on Deterministic, Alternating, and Boolean Finite Automata. DCFS 2017: 214-
225

e Galina Jirdskova, Alexander Szabari, Juraj Sebej:
The Complexity of Languages Resulting from the Concatenation Operation. DCFS
2016: 153-167

Square on deterministic, alternating, and Boolean finite automata
Galina Jiraskova, Ivana Krajnakova
In: Giovanni Pighizzini, Cezar Campeanu (eds.):
Descriptional Complexity of Formal Systems - 19th IFIP WG 1.02 International Conference,
DCFS 2017, Milano, Italy, July 3-5, 2017, Proceedings.
Lecture Notes in Computer Science, vol. 10316, pp. 214-225, Springer (2017).
ISBN: 978-3-319-60251-6, DOI: 10.1007/978-3-319-60252-3\_17
Citacie:

e Michal Hospodar, Galina Jiraskova, Ivana Krajnakova:

Operations on Boolean and Alternating Finite Automata. CSR 2018: 181-193

Operations on Boolean and alternating automata

Michal Hospodar, Galina Jirdskova, lvana Krajridkova

In: Fedor V. Fomin, Vladimir V. Podolskii (eds.):

Computer Science - Theory and Applications - 13th International Computer Science
Symposium in Russia, CSR 2018, Moscow, Russia, June 6-10, 2018, Proceedings
Lecture Notes in Computer Science, vol. 10846, pp. 181-193, Springer (2018).
ISBN: 978-3-319-90529-7, DOI: 10.1007/978-3-319-90530-3\_16



NFA-to-DFA trade-Off for regular operations

Galina Jiraskova, lvana Krajriakova

In: Michal Hospodar, Galina Jirdskova, Stavros Konstantinidis (eds.):

Descriptional Complexity of Formal Systems - 21st IFIP WG 1.02 International Conference,
DCFS 2019, Kosice, Slovakia, July 17-19, 2019, Proceedings.

Lecture Notes in Computer Science, vol. 11612, pp. 184--196, Springer (2019).

ISBN: 978-3-030-23246-7, DOI: 10.1007/978-3-030-23247-4\_14



